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The drag of a Sperry I.:eBsen:ier airplane with the wings re- 
moved, and also the drag of its various coiiiponent parts ^ was 
mea.sured in the 20-foot air stream of the N.A.CA. propeller 
research tunnel at air speeds from 50 to 100 H.P.H. It v/as 
found tiiat the three- cylinder radial air-cooled engine nearly 
doubled the dmg of the bare fuselage, and the drag of the land- 
ing geai^ was about the same as that of the fuselage and engine 



Heretofore, measurements of the drag of airplane fuse- 
lages, landing gears, and other large parts have been lim.ited 
by the size of available wind tunnels to tests on relatively 
sm.all models. It has been necessary to calculate the full 
scale drag from the results of the m.odel tests upon the basis 
of the -orinciple of mechanical similitude. Since all of the 
conditions of this principle are not fulfilled in the model 
tests, the calculated full scale drag is at best more or less 



combined. 
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an approximation. The approximation may become very poor for 
bodies having complicated shapes such as air-cooled engine cyl- 
inders and landing gears in which the miodel cannot easily be 
made similar in all details to the full size object. It is de- 
sirable^ therefore^ to tost these objects at full scale. This 
is now possible in the 30-foot air stream, of the ncYj propeller 
research wind tunnel of the National Advisory Committee for 
Aeronautics. 

The Sperry Messenger airplane was originally mounted in 
the tunnel for propeller tests. This note describes a series 
of tests made on the drag of various parts of the airplane 
v^ithout wings. Since the wings have about the same span as 
the diameter of the air jet their drag as measured in the tunnel 
would not be the samiC as their drag in flight. The tests were 
therefore confined to drag measurements with the wings and wing 
bracing remioved. The drag of the whole airplane without wings 
was obtained for air velocities of from 50 to 100 M.P.H. ^ and 
the drag due to the landing gear_, tail surfaces, windshield, 
cockpit, and the radial air-cooled engine, were measured at ve- 
locities from 50 to SO M.p.H. 

Methods and Apparatus 

The Sperry Messenger airplane with the wings reiTioved, as 
shown in Fi^gure 8, was mounted on the balance in the test cham- 
ber, with the thrust line horizontal and in the center of the 
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air stream. Figure 1 ic a genero.l view of the test cliamlDer 
shov/ing the entrance cone a.nci the inounting of the airplane which 
was supported at two points on the axle and one at the tail of 
the fuselaj^e. With this arrangement the wheels v;ere displaced 
3 inches outward as compared v/ith their proper position to allow 
room for the attachment of the faired supports. 

The air force measurements are read on commercial scales 
located at ;::round level ^ one of which indicates the thrust or 
drag directly. A detailed description of the balance as well as 
the rest of the propeller research tunnel will be published in 
the near future. 

In running the tests^ the total drag of the airplane with- 
out wings but including the supports was fii'st obtained at air 
speeds from 50 to lOOM.P^Hk The airplane was then disconnected 
f ror/i the su-oports and held in place with slight clearance by 
means of wire cables from the sides and top of the test chamber^ 
and the drag of the supports obtained over the same range of 
air speeds. For the third run the landing gear was disconnect- 
ed froiTi the fuselage and refastened to the supporting structure 
and the total drag of the landing gear and supports obtained in 
the presence of the fuselage, which still remained suspended 
f romi the sides and top of the test chamber- This and subsequent 
tests were not run over 80 M.P.H. because the power plant was 
not yet in condition to be operated regularly at the higher 
speeds. For the fourth test the airplane was again mounted on 
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the Icunding ■;y:QCiT and balance supports, and the tail surfaces 
with their "bracing and control v;ires were removed. Figure 1 is 
a view of the set-up for this test. Removing the rudder left a 
hollovz-grooved section in the rear of the tail post which v/as 
faired as shov/n in the picture* The chain Lihown on the outside 
of the fuselage at the pilot' s cockpit was for lowering a sus- 
pended flight angle and air-speed recorder in flight tests and 
is not part of the standard equipment of the airplane. 'It was 
left on for these tests in order to make them^ comparable with 
other experiments. For the fifth ran the windshield and. the 
roll of upholstering around the edge of the cockpit were also 
removed as sho\Tn in Figure 2. The sixth ran was m.ade with the 
cockpit covered over with a piece of sheet metal as shown in 
Figure 3, the engine still being in place; and the last run was 
made v/ith the engine rem.oved and the cylinder and carburetor 
holes in the cowling covered smoothl^r by means of sheet metal, 
carrying out the shape of the nose. 

Results 

The results observed are plotted on Figure 5- Nearly every 
reading comes within 1 pound of a faired curve through the 
points, and it is therefore thought that the faired results are 
accurate to within about 1/2 pound. 

As shown in the illustrations, during all of the runs in 
which the windshield was in place, a pilot sat in the cockpit. 
In one test the pilot placed his head on either side of the cock- 
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pit, in the center, and dovrn inside out of sight. The position 
of his head was found to have no noticeable effect on the drag 
readings. 

In Fipiire S the drag in pounds due to the various parts is 
shoivn for speeds from 50 to 80 II.r.IL These values are also 
given in Tacle I, together v'ith the absolute drag coeff icients ^ 

Cq ^ -T i^-— ^ 'A'here 3 is the wing area (148 sq.ft.)- 

-jj* P v' b 

In p:eneral, the drag coefficients are conste/nt throughout the 
speed range r ithin the iLnits of accuracy of the tests. The 
additional dra^ due to the air-cooled engine, however, seeais 
to be subject to so.ne scale effect, the drag coefficient de- 
creasing with increase in speed. This is not unnatural since 
the engine is made up of a nu:iiber of comparatively small parts 
which^ considered by themselves, were tested at very low values 
of Re3n.'iolds I'LUTiber; and at these low values of Reynolds N-jjiiber 
scale effect is quite pronounced. The coefficient of the iiir- 
cr eased drag due to the cockpit also decreases considerably 
with increase of speed, but the actual forces involved were so 
small that the accuracy of these measurements was not very great^ 
especially at the low speeds. The coefficient of the drag due 
to the tail surfaces falls off at the lo?/est speeds, but this 
also is within the limits of accuracy of the experimients in the 
low speed range. The forces are naturally much greater at the 
higher speeds and the accuracy correspondingly better. 
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The relative drag of the various parts is shown more clear- 
ly in Figure 7. The out sta.ndinr; feature of the chart is the 
proportionately high drag of the lo.nding gear^ this being about 
40 per cent of the total drag of the airplane without \vings. 
The landing gear evidently affords one of the most promising 
possibilities for the reduction of drag. The landing gear of 
the Sperry Messenger airplane is not of particularly clean. de- 
sign, but, on the other hand, it is probably not far from aver- 
age. Another point of interest is that the increased drag due 
to the three- cylinder radial engine in the nose of the fuselage 
is nearly as large as the drag of the bare fuselage itself. 
The possibility of reducing the drag due to radial air-cooled 
engines is no doubt v;orth investigating. 

Conclusions 

These experiments indicate that for the Sperry Messenger 
airplane v/ithout wings, by far the largest possibility of im- 
provem.ent is in reducing the drag of the landing gear and the 
air- cooled, engine. 

Further full-scale research on the reduction of the drag 
of landing gea,rs and on the cov/ling of air-cooled engines is 
r e commend, ed. 



TABLE I. 

vrTt and drag coefficient 
for parts of splrry iviissli^aer airplane at various air-speeds. 



= ? p- , S = 148 Sd .ft . 

^ _1_ p v^S 
8 ' 



Airspeed, M.P.H. 




50 


'"IF"' 


60 


65 


70 


75 1 80 


100 


Drag of complete airplane 
without wings 


D, lb. 

CD 


25 .64 
.02723 


31.10 
.02727 


37.14 
.02733 


43.48 
, .02731^ 


50.17 
.02709 1 


57.38 


65.26 


101.00 
.02680 


Drag of bare closed fuse- 
lage 


D,lb. 

CD 


6 

.00637 


7.36 
.00636 


8.75 
.00644 


10.40 
.00654 


12.20 
.00661 


14.05 
.00663 


15.95 
.00662 




Increased drag due to 
enc^ine 


Cd 


5.3 

,00563 


6.0 

. 00525 


6.95 
. 00511 


7.95 
.00500 


9.05 
.00491 


10.2 
.00481 


11 .3 
.00469 




Increased drag due to 
cockpit 


D,l-b. 


1.11 
.00118 


1.20 
^.00105 


1.28 
,.00094 


1.40 j 1.47 
.00088^.00080 


1.70 
.00080 


2.00 

.00083 




Increased drag due to 
windshield and uphol- 
st ering 


D,lb. 

CD 


.88 

.00094 


1.20 

.00105 


1.51 
.00111 


1.72! 1.85 
.00106 1 .00100 


1.98 
.00093 


2.00 
.00083 




Increase in drag due to 
tail surfaces 


D,lb. 

Cd 


2.35 
.0025 


3.15 
.00276 


4.00 
.00294 


4.93 j 5.92 
.00310 ; .00521 


6.95 
.00338 


8.00 
.00332 


[ 


Drag of landing gear 
- _ _ 


D,lb. 

CD 


10.00 
.01061 


12.30 
.01079 


14.65 
.01079 


17.08^ 19.68 
. 01071 j. 01066 


22.50 
.01060 


26.00 
.01079 
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Dynamic pressure', q, lb. per sa.ft. 

7 8 9 10 11 12 13 14- 15 16 17 18 19 20 21 22 23 24 35 36 

1 I i i ! : I I i I ! I I ; _J J \ \ \ J 



50 55 60 65 70 7o 80 a'5 90 

Air speed, miles per hour 



95 



100 



Fig. 5 Drag of Sperry Messenger without wings or propeller. 
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Fig. 6 
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Drag due to component pa.rts of Sperry Messenger airplane 
without wings, at various air speeds. 
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Fig. 7 
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Fig. 7 Drag due to various parts of Sperry Messenger airplane 
without wings at an airspeed of 80 M.P.H. 



